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(54) METHOD FOR DECOMPOSING AND RECYCUNG THERMOSETTING RESIN 

(57)Abstriact: 

PROBLEM TO BE SOLVED: To provide a method for treating the industrial and 
domestic waste discarded in large quantities, especially the thermosetting plastics 
contained in the waste in great quantities and supposed to be recycled, at a high 
rate and recovering low to medium molecular weight compds. 

SOLUTION: A thermosetting resin is hydrolyzed and/or thermally decomposed with 
the supercritical water or subcritical water mixed with a base to ^2% base concn. or 
mixed with an acjd to ^2% acid concn. as a reaction solvent. A low to medium 
molecular weight compd. thus obtained is used in the synthesis of a thermosetting 
resin. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The decomposition approach of the thermosetting resin characterized by 
hydrolyzing and/or pyrolyzing thermosetting resin by using supercritical water or 
subcritical water as a reaction solvent. 

[Claim 2] The decomposition approach of the thermosetting resin according to claim 
1 which is one sort chosen from the group which thermosetting resin becomes from 
phenol resin, an epoxy resin, polyimide resin, an unsaturated polyester resin, and 

melamine resin, or two sorts or more. 

[Claim 3] The decomposition approach of the thermosetting resin according to claim 
1 or 2 performed by adding a base so that it may become 2% or less of base 
concentration in supercritical water or subcritical water. 

[Claim 4] The decomposition approach of the thermosetting resin according to claim 
1 or 2 performed by adding an acid so that it may become 2% or less of acid 
concentration in supercritical water or subcritical water. 

[Claim 5] The recycle approach of thermosetting resin of using the obtained low 
molecular weight compound for thermosetting resin composition after hydrolyzing 
and/or pyrolyzing thermosetting resin, using supercritical water or subcritical water 
as a reaction solvent. 

[Claim 6] The recycle approach of the thermosetting resin according to claim 5 
which is one sort chosen from the group which thermosetting resin becomes from 
phenol resin, an epoxy resin, polyimide resin, an unsaturated polyester resin, and 
melamine resin, or two sorts or more. 

[Claim 7] The recycle approach of the thermosetting resin according to claim 5 or 6 
performed by adding a base so that it may become 2% or less of base concentration 
in supercritical water or subcritical water. 

[Claim 8] The recycle approach of the thermosetting resin according to claim 5 or 6 
performed by adding an acid so that it may become 2% or less of acid concentration 
in supercritical water or subcritical water. 
DETAILED DESCRIPTION 
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[Detailed Description of tiie Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach that the 

thermosetting plastic it has been supposed that recycle is impossible of 

thermosetting plastic is processed in large quantities at a high speed, and low 

[ reusable ] - inside molecule useful compounds can be collected, being contained in 

large quantities in the industry and the domestic wastes discarded in large quantities, 

especially these trash. 

[0002] 

[Description of the Prior Art] Although the trash of thermoplastics, such as a vinyl 
chloride and polystyrene, has so far been reproduced as a plastics raw material, 
once it hardens thermosetting plastic, since it does not soften and fuse with heat, 
the hardening object is unreproducible as a plastics raw material. It has been 
supposed from this that it is not recyclable of thermosetting plastic. However, that 
there are not softening and melting by the heat of thermosetting plastic has followed 
under [ with "strong" reinforcement with high thermal resistance ] the goodness of 
this ingredient. 

[0003] Recently, taking advantage of the heatproof of this hardening object, the 
strength property, etc., the technique of using that grinding object as a filler of 
various ingredient and products etc. is developed (thermosetting resin, Vol.1 5No.2 
(1994) p. 18-24). For example, the sprue runner who arises in case the general- 
purpose phenolic molding compound which uses organic fillers, such as wood flour, 
as reuse to the ingredient of the same kind as a recycle filler is fabricated is 
pulverized by 150-250 meshes with a grinder. The approach of using as a recycle 
filler of an ingredient of the same kind and the scrap wood produced as the 
aggregate of road surface pavement material at the time of shaping of a 
thermosetting molding material are ground. Although mix the abandonment rubber 
chip from this, a waste tire, etc., it mixes with a resin binder by using this mixture as 
the aggregate, it puts into a mold and pressurization, the approach of heating and 
fabricating a block, and the approach of using it as refuse-derived fuel and activated 
carbon further are also indicated While all have limitation in the class and application 
of thermosetting resin trash as a raw material, there is economical difficulty and it 
has come to spread broadly. 

[0004] The approach of using the water of a supercritical condition or a subcritical 
state as a solvent, and on the other hand, hydrolyzing and/or pyrolyzing it 
alternatively as the waste treatment approach, about thermoplastics, is proposed 
(JP,5-31000,A), By this approach, although hydrolysis or the pyrolytic process of 
thermoplastics, such as a cellulose, a chitin, chitosan, nylon, polyester, and 
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polystyrene, is examined, the difficult thermosetting resin of hydrolysis and a 
pyrolysis is not examined at all. Thus, being discarded in large quantities, the difficult 
thermosetting resin of recycle is disassembled more efficiently, and although to 
collect and reuse a useful low molecular weight compound is desired widely, it is not 
realizable. 
[0005] 

[Problem(s) to be Solved by the Invention] In order that this invention might solve 
the trouble that recycle of thermosetting resin is very difficult, it was made as a 
result of various examination, and the thermosetting plastic it has been supposed 
that recycle is impossible of thermosetting plastic while the place made into the 
purpose is included in large quantities in the industry and the domestic wastes 
discarded in large quantities, especially these trash processes in large quantities at a 
high speed, and the approach of coNecting and recycling low [ reusable ] - an inside . 
molecular compound offers. 
[0006] 

[Means for Solving the Problem] The decomposition approach of the thermosetting 
resin characterized by this invention hydrolyzing and/or pyrolyzing thermosetting 
resin by using supercritical water or subcritical water as a reaction solvent, or after 
pyrolyzing. It is the recycle approach of thermosetting resin of using low [ which was 
obtained ] - an inside molecular compound for thermosetting resin composition. 
Thermosetting resin Phenol resin, an epoxy resin, polyimide resin, They are the 
decomposition approach of the aforementioned thermosetting resin which is one 
sort chosen from the group which consists of an unsaturated polyester resin and 
melamine resin, or two sorts or more, or the recycle approach of thermosetting resin. 
Carry out by adding a base so that it may become 2% or less of base concentration 
in supercritical water or subcritical water. It is the decomposition approach of the 
aforementioned thermosetting resin, or the recycle approach of thermosetting resin, 
and they are the decomposition approach of the aforementioned thermosetting resin 
performed by adding an acid so that it may become 2% or less of acid concentration 
in supercritical water or subcritical water, or the recycle approach of thermosetting 
resin. 
[0007] 

[Embodiment of the Invention] The supercritical water used by this invention is non- 
condensable high density water beyond critical temperature and the critical pressure. 
If supercritical water is used as a solvent, change intermolecular distance 
(consistency) continuously by making temperature or a pressure into a manipulated 
variable, will relate the solvent function according to the actuation purpose with an 
intermolecular interaction, can adjust, two or more solvent functions with a single 
solvent will be made to discover, and it will get. Since thermal motion is still more 
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dominant as compared with a liquid solvent, it has the description that the viscosity 
of a solvent is small, and a diffusion coefficient is large, and thermal conductivity is 
large as compared with a gaseous phase. To usual water being about 80, at 500 
degrees C, since supercritical water falls to about 2. it shows the property of the 
nonpolar matter, and also about the dielectric constant which is another important 
property concerning a dissolution property, it can serve as a good solvent to a 
nonpolar organic substance. Moreover, in this invention, it can also carry out not 
using supercritical water but using subcritical water. 

[0008] By using this supercritical water or subcritical water as a solvent of 
hydrolysis, it is thought that the decomposition to a phenols monomer is attained 
also about the thermosetting resin made difficult [ decomposition like phenol resin ]. 
Moreover, from the phenols monomer obtained as a result of decomposition, 
hydrolysis is a main reaction and, as for a decomposition reaction, a pyrolysis is 
considered to be side reaction, although what is necessary is just to adjust 
temperature and a pressure appropriately in the temperature of 180-1000 degrees C, 
and the range of pressure 2-100MPa in carrying out this invention — desirable — 
the temperature of 200-700 degrees C, and a pressure — they are the temperature 
of 240-480 degrees C. and the range of pressure 6-60MPa still more preferably four 
to 60 MPa. 

[0009] Although the thermosetting resin which can be disassembled by this 
invention is represented with phenol resin, an epoxy resin, polyimide resin, an 
unsaturated polyester resin, melamine resin, etc., it contains all the thermosetting 
resin except said. The decomposition reaction in this invention does not add a base 
or an acid. ** advances effectively, and it is also effective in the water of a 
supercritical condition or a subcritical state to add a base or an acid by 2% or less of 
concentration. In consideration of the addition effectiveness, after treatment, etc.. 
more desirable addition concentration is 0.2% or less. In this invention, after 
hydrolyzing and/or pyrolyzing thermosetting resin, using the water of a supercritical 
condition or a subcritical state as a solvent, low [ which was obtained ] - an inside 
molecular compound can be used for thermosetting resin composition. 
[0010] 

[Example] Drawing 1 is a flow chart which shows each process of the example of 
this invention. Next, although the example of this invention is explained to a detail, 
this invention is not limited to the following examples. 

[0011] As [example 1] thermosetting resin use product trash, epoxy resin mold 
goods (pitch an average of 50%) were used. Crushing of about 10kg of the mold 
goods was carried out, and it considered as the overall diameter of about 2mm or 
less. The crushing object of mold goods was thrown in having put 501. of **** into 
the 1001. proof-pressure reaction vessel, and fully agitating. After fully agitating this 
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and making it the shape of a slurry, the reaction vessel was heated quickly and 
internal temperature internal pressure was raised to 400 degrees C and 35MPa. 
After maintaining for 30 minutes at 400 degrees C, the reaction vessel was cooled 
and it returned to ordinary temperature ordinary pressure. As a result of analysis, it 
is base materials other than a pitch which carries out classification separation of 
this reaction solution using the filter of 40 meshes, and do not pass along this, and it 
was reused or discarded. As a result of analysis, it was the undecomposed residue 
which furthermore carries out classification separation of this reaction solution using 
the filter of 200 meshes, and does not pass along this, and it collected these and fed 
them back to the raw material for trash decomposition. Thus, as remaining reaction 
solutions which carried out classification separation of the suspended matter, the 
water solution which contains a phenols monomer 8% was obtained. Solvent 
extraction of this was carried out with the existing technique, and the rough phenols 
monomer was obtained. When composition of an epoxy resin was tried with the 
existing technique using the obtained rough phenols monomer, the case where the 
usual phenols monomer is used, and the epoxy resin to which a property does not 
change at all were obtained. On the other hand, the remaining reaction solutions 
which carried out solvent extraction of the phenols monomer contained about 
500PPM phenols monomer. By carrying out activated sludge treatment for this with 
the existing technique, the phenols monomer content could be set to 0.1 PPM or less, 
and it emitted as wastewater. 

[0012] Epoxy resin mold goods (pitch an average of 50%) were used as thermosetting 
resin use product trash like the [example 2] example 1. Crushing of about 10kg of 
the mold goods was carried out, and it considered as the overall diameter of about 
2mm or less. The crushing object of mold goods was thrown in having put 501. of 
****, and 500g of sodium hydroxides into the 1001. proof-pressure reaction vessel, 
and fully agitating. After fully agitating this and making it the shape of a slurry, the 
reaction vessel was heated quickly and internal temperature internal pressure was 
raised to 400 degrees C and 35MPa. After maintaining for 30 minutes at 400 degrees 
C, the reaction vessel was cooled and it returned to ordinary temperature ordinary 
pressure. As a result of analysis, it is base materials other than a pitch which carries 
out classification separation of this reaction solution using the filter of 40 meshes, 
and do not pass along this, and it was reused or discarded. As a result of analysis, it 
was the undecomposed residue which furthermore carries out classification 
separation of this reaction solution using the filter of 200 meshes, and does not pass 
along this, and it collected these and fed them back to the raw material for trash 
decomposition. Thus, as remaining reaction solutions which carried out classification 
separation of the suspended matter, the water solution which contains a phenols 
monomer 10% was obtained. Solvent extraction of this was carried out with the 
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existing technique, and the rough phenols monomer was obtained. When composition 
of an epoxy resin was tried with the existing technique using the obtained rough 
phenols monomer, the case where the usual phenols monomer is used, and the 
epoxy resin to which a property does not change at all were obtained. On the other 
hand, the remaining reaction solutions which carried out solvent extraction of the 
phenols monomer contained about 500PPM phenols monomer. By carrying out 
activated sludge treatment for this with the existing technique, the phenols 
monomer content could be set to 0.1 PPM or less, and it emitted as wastewater. 
[0013] Epoxy resin mold goods (pitch an average of 50%) were used as thermosetting 
resin use product trash like the [example 3] example 1. Crushing of about 10kg of 
the mold goods was carried out, and it considered as the overall diameter of about 
2mm or less. The crushing object of mold goods was thrown in having put 501. of 
****, and 500g of hydrochloric acids into the 1001. proof-pressure reaction vessel, 
and fully agitating. After fully agitating this and making it the shape of a slurry, the 
reaction vessel was heated quickly and internal temperature internal pressure was 
raised to 400 degrees C and 35MPa. After maintaining for 30 minutes at 400 degrees 
C. the reaction vessel was cooled and it returned to ordinary temperature ordinary 
pressure. As a result of analysis, it is base materials other than a pitch which carries 
out classification separation of this reaction solution using the fitter of 40 meshes, 
and do not pass along this, and it was reused or discarded. As a result of analysis, it 
was the undecomposed residue which furthermore carries out classification 
separation of this reaction solution using the filter of 200 meshes, and does not pass, 
along this, and it collected these and fed them back to the raw material for trash 
decomposition. Thus, as remaining reaction solutions which carried out classification 
separation of the suspended matter, the water solution which contains a phenols 
monomer 10% was obtained. Solvent extraction of this was carried out with the 
existing technique, and the rough phenols monomer was obtained. When composition 
of an epoxy resin was tried with the existing technique using the obtained rough 
phenols monomer, the case where the usual phenols monomer is used, and the 
epoxy resin to which a property does not change at all were obtained. On the other 
hand, the remaining reaction solutions which carried out solvent extraction of the 
phenols monomer contained about 500PPM phenols monomer. By carrying out 
activated sludge treatment for this with the existing technique, the phenols 
monomer content could be set to 0.1 PPM or less, and it emitted as wastewater. 
[0014] As [example 4] thermosetting resin use product trash, phenol resin mold 
goods (pitch an average of 50%) were used. Crushing of about 10kg of the mold 
goods was carried out, and it considered as the overall diameter of about 2mm or 
less. The crushing object of mold goods was thrown in having put 501. of **** into 
the 1001. proof-pressure reaction vessel, and fully agitating. After fully agitating this 
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and making it the shape of a slurry, the reaction vessel was heated quickly and 
internal temperature internal pressure was raised to 400 degrees C and 35MPa.. 
After maintaining for 30 minutes at 400 degrees C, the reaction vessel was cooled 
and it returned to ordinary temperature ordinary pressure. As a result of analysis, it 
is base materials other than a pitch which carries out classification separation of 
this reaction solution using the filter of 40 meshes, and do not pass along this, and it 
was reused or discarded. As a result of analysis, it was the undecomposed residue 
which furthermore carries out classification separation of this reaction solution using 
the filter of 200 meshes, and does not pass along this, and it collected these and fed 
them back to the raw material for trash decomposition. Thus, as remaining reaction 
solutions which carried out classification separation of the suspended matter, the 
water solution which contains a phenols monomer 3% was obtained. Solvent 
extraction of this was carried out with the existing technique, and the rough phenols, 
monomer was obtained. When composition of phenol resin was tried with the existing 
technique using the obtained rough phenols monomer, the case where the usual 
phenols monomer is used, and the phenol resin to which a property does not change 
at all were obtained. On the other hand, the remaining reaction solutions which 
carried out solvent extraction of the phenols monomer contained about 500PPM 
phenols monomer. By carrying out activated sludge treatment for this with the 
existing technique, the phenols monomer content could be set to 0.1 PPM or less, 
and it emitted as wastewater. 
[0015] 

[Effect of the Invention] In this invention, after disassembling the thermosetting 
resin which was the difficulty of recycle conventionally by using supercritical water 
or subcritical water as a reaction solvent, the obtained low molecular weight 
compound can be used for thermosetting resin composition, and thermosetting resin 
can be recycled. 
DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the flow chart which shows each process of the example of this 
invention. 
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xy-;bSl^y •^-S:ffiv^T^#®^^^Si•3<t ^zsLiTs^iy 
mm(D^l^m.^rztz:b-. dim©7xy-;i/^^y v 

m^tiTzo -15. 7xy-;u^*y7-S:^J«JSttSbfc 

a D ©SiSv^fSS. 1^)5 0 0PPM©7xy-;i/^^y 
bXi-^Tco cnS;g5#©S^Wt-<t f)?5<4?5riE; 
M/S^-fS-hi-i f). 7 xy— ;bSS^7-=?— 
0. 1 PPMJ-:i,TJC-r-i)Ci:*5tli*> S^7j<i:bTSfi±lb 



(4) 

5 

[0013] mmm 3 ] mmm i t^miz^ mmm 
mm&mms'nmm^ti^x. ^^^^^tymmm^^a (mm 

^ ^±5 5 0%) 5:ffiV^fco £Rfl^n°D^^l Okg^fflW^L 
mi^^M^2mm]^XTh bto 1 0 0 U :y h }\^mE.RJ^s^ 
ymb 0 U VJi^mf^Wtb O O gr^An+^tz^t 

jE$:4 0 0''C. 3 5MP aST*±^^^fcc 4 0 0'*CT 
3 O^F^So&^SjSSS^^^fflUT^S^E^SUfco 

x^-Srftfco f#?>n;tffl7 

T«i±. ^^5 0 0PPMCD7:3iy— ^^*b 
htcj:t>. 7 3iy-;i/^.^y x='~^^gS:0 . I PPM 
[0014] [^JS^J 4 3 ^Sg^blS^JSi^^ffi^saj^*^ 

h b T ^ 7 31 y -}\^mmwms, (isjii^ 5 0 % ) 

Sr^V^fdo ^ff^S^^l 0 kg4ffl5?^bS:;^^l^;1}2minW 30 

ufco 1 0 0 u ^;l/lfJE>SJ^:^il^c^ tK^^s o u 
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fee ;iK^+^tjtJ¥u>^7U-«tcbfe^. SiiSil^ 

S.i^tCijD^bf^t&l^a<&4 0 O'C. 3 5MPa^T±# 

y - ^ ffl V ^ <^ ^ < #S(Z) ^ I. ^ 7 i y — ;i/ 

tBUfe«?)CD>5jS?^Mii> ^;^5 0 GPPM(D7:iiy-;i/ 
m^ey^—^^^^iyX^^tzo z,ii^^^(Dtim^^om 

^tSSrO. 1 PPMWTtC"ri>^:i::b5tB*^ }*7lci:UT 

[0 0 15] 

[El 1 ] *^H^CD|ISS«?ycD^Xfl$:5^N-r7D-5^^ — 
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* S S : SUSPENDED SOLID 



